(» #2. Exanple given in class. )

(Cl ear [A]; O ear [B]; Label [1]; A=Input [{a, b, c}]I;
If[O [A[[11]1 <0, A[[2]1]1"2-4«A[[1]1]1 *A[[3]] 2 0],
Print ["bad input ", A]; Cear [A]; Goto[1l]]);
(Label [2]1; Print [A];

kl=0Ceiling[(A[[1]]-AL[2]1]) / (2AL[1ID]-1;
k2 = Cei ling[(AL[11] +AL[2]1]) / (2AL[1ID)]-1;

L [O [A[[1]] > A[I3]], And[A[[1]] == A[[3]1], A[[1]1] = -A[[2]], A[[2]] <O]],
B = {A[[3]], -A[[2]], A[[1]1]}; A=B; Goto[2]];

[f[O [ANd[A[[1]] == A[[3]], AL[2]]1 < -A[[1]1], And[A[[1]]1 <A[[3]1]1, A[I2]1] < -A[[11111,
B={A[[1]], A[[2]]+2K1*A[[1]], A[[1]]k1”"2+A[[2]11k1+A[[3]]1}; A=B; Goto[2]];

[f[Or [ANd[A[[1]] == A[[3]1]1, AL[2]1]1 > A[[1111, And[A[[1]] < AL[311, A[[21]1 > A[[1]]1]1,
B={A[[1]], A[[2]] -2k2+A[[1]], A[[1]]1k2"2-A[[2]1]1k2+A[[3]1]}; A=B; Goto[2]];

If [And[A[[1]1] < A[[311, A[[2]1] == -A[[1]]],
B={A[[1]1., AL[1]]., ALI3]]}; A=B; Goto[2]];

Print ["Reduced"])

{37, 59, 25}
{25, -59, 37}
{25, -9, 3}
{3, 9, 25}
{3, 3, 19}

Reduced

(» #3. | added an output of the running product of the Us at
each step. The U we seek is then the last U outputted. See bel ow

To find the mininmum positve f (x,y), we could use the inequalities y2<

4aM and (2ax+by)2<aM:dy? to determine the x and y that produce it. But,

since we already know U and the fact that the m ni numpositive f is "a"
when f is reduced, we can read off our output and see that the m ninum
positive f is 21 and then we can sinply multiply U (1,0) to get (x,y),

which is (-3,4). O course, (3,-4) would also work. =)
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(Cl ear [A]; O ear [B]; Label [1]; A=Input [{a, b, c}];
If[O [A[[1]] <0, A[[2]1"2-4%A[[1]]1 *A[[3]] 20],
Print ["bad input ", A]; dear [A]; GCoto[1l]]);

(U= {{1, 0}, {0, 1}}; Label [2]; Print [A " u=", Uj;

kl=Ceiling[(A[[1]]-AL[2]])/ (2AI[1ID]I-L
k2 = Cei ling[(A[[1]]+A[[2]]) / (ZAI[1ID]I -1,

If[Or [AL[111 > A[[3]], And[A[[1]1] == A[[311, A[[111 = -A[[2]], A[[2]] <O]1,
B = {A[[3]1. -A[[2]], A[[1]1}; A=B; U=U {{0, 1}, {-1, 0}}; Goto[2]];

If[O [And[A[[1]1] == A[[31], AL[2]1] < -A[[111], And[A[[1]] < A[[31]1, A[[2]1] <-A[[1]1111,
B={A[[1]]1, A[[2]11+2k1*A[[1]1], A[[11]1k1"2+A[[2]1k1+A[[3]11};
A=B; U=U {{1, k1}, {0, 1}}; CGoto[2]1;

[f[O [And[A[[1]1] == A[[31], AL[2]1] > A[[111], And[A[[1]1] <AL[311, ALL2]1]1 > A[[11111,
B={A[[1]1, A[[2]1]1-2k2%A[[1]1], A[[1]1]1k2"2-A[[2]1k2+A[[3]11};
A=B; U=U {{1, -k2}, {0, 1}}; Goto[2]];

If [And[A[[1]1] < A[[311, AL[[2]] == -A[[1]]],
B={A[[1]]. AL[11], A[I3]]}; A=B; U=U {{1, 1}, {0, 1}}; CGoto[2]];

Print ["Reduced"])

{12345, 18309, 6789}" U=" {{1, 0}, {0, 1}}
{6789, -18309, 123453}" U="{{0, 13}, {-1, 0}}
{6789, -4731, 825}" U="{{0, 13}, {-1, -1}}
{825, 4731, 6789}" U="{{-1, 0}, {1, -1}}
{825, -219, 213" U="{{-1, 33}, {1, -4}}

{21, 219, 8253}" U="{{-3, -1}, {4, 131}

{21, 9, 255}" U=" {{-3, 14}, {4, -19}}
"Reduced"

(» Check =x)

X = {{-3, 14}, {4, -19}}. {X, Yy}

{-3x+14y, 4x-19y}

fIX 1:=212345X[[1]172+18309 % X[[1]] » X[[2]] +6789 %= X[[2]]1"2
ExpandAl | [f [X]]

21x2+9xy +255y?

(» #4. CQutputted a few prinmes. Enter O to stop program =)

Clear [A p, a, cl, c2, c3, c4, Bl, B2, B3, B4]; (Label [0];
Cl ear [A]; dear [p]; p = |nput [p];
If[p==0, Goto[7]];
I f [And[Pri meQ[p], p !'=2], Goto[l], Print ["bad input"]; Goto[0]];

Label [17;
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Do[lf [Mod[x"2+y~2+1, p] ==0, A[1] =x; A[2] =1; A[3] =Vy; A[4] =0; Goto[3]],
{x, 0, (p-1)/2}, {y, 0, (p-1)/2}];

Label [3];
m= (A[1]"2+A[2]1"2 +A[3]1"2+A[4]1"2) / p;

Label [4];

If[m=1, Goto[6]];

I'f [QddQ[m], Goto[5]];

Ev={} Od={}

Do[l f [EvenQ[A[i 1], Ev = Append[Ev, A[i]], Od = Append[Qd, A[i 11, {i, 1, 4}];

I f [O [Length[Ev] == 4, Length[Ev] == 0], Bl = (A[1] +A[2]) /2; B2 = (A[1] -A[2]) /2;
B3 = (A[3] +A[4]) /2; B4 = (A[3] -A[4]) /2, Bl = (Ev[[1]1]1 +EV[[2]]) /2
B2 = (Bv[[1]1-EVI[2]]) /2; B3 = (Od[[11]+Qd[[2]])/2; B4 = (Q[[1]]-Cd[[2]]) /2];

m=m/2; A[1l] =Bl; A[2] = B2; A[3] =B3; A[4] = B4;
CGoto[4];

Label [5];

Dofa[i ] = Md[A[i], m -(m-1) /2], {i, 1, 4}];
n=a[l]"2+a[2]"2+a[3]"2+a[4]"2;

k=n/m

cl = (a[1] A[1] +a[2] A[2] +a[3] A[3] +a[4] A[4]) /m
c2 = (a[l1] A[2] -a[2] A[1] +a[4] A[3] -a[3] A[4]) /m
c3 = (a[1] A[3] -a[3] A[1] +a[2] A[4] -a[4] A[2]) /m
c4 = (a[l] A[4] -a[4] A[1] +a[3] A[2] -a[2] A[3])/m

A[l] =cl; A[2] =c2; A[3] =c3; A[4] =c4; m=Kk;
CGoto[4];

Label [6];

Print [“p=“1 p1 “”{“1 A[1]1 “l“l A[Z], “1“1 A[3]1 “l“l A[4], “}“];
Goto[0];
Label [7];

"p="5"~{"0","1","2", "0" }"
"p="17"~{"0","1","4", " 0" }"
"p="101"~{"0","1","10", " 0" }"
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"p="997" ~{"31","6","0"," 0" }"
"p="7919" ~{"42", " -37"," -5", "69" }"
"p="10103"~{"63"," -63", " -41","22"}"
"p="17389" ~{" -125", " 42", "0", " 0" }"
"p="27 449" ~{"0"," 0", " 160", " -43" }"

(» Check )

3172 +672

997

6372 +63"2+4172+22"2
10103

4272 + 372 +572 +6972
7919

12572 + 4272

17389

16072 +4372

27449

(» #5. Programwith various inputs. Enter O to stop
program Note: Exponents must be >0, therefore will not accept 1 as an input. =)

(Label [10]; O ear [nO, A, al; nO =Input [N]; If[nO =0, Goto[100]1;
nD = Lengt h[nO0];
Do[lf [O [Not [PrimeQ[nO[[j, 11111, nO[[j, 211 <1, Not [IntegerQInO[[j, 211111,
Print ["bad input"]; Goto[10]1], {j, 1, nD}];

(P=n0[[j, 111;
Label [17;
Do[lf [Mod[x"2+y"2+1, p] ==0, A[j, 1] =Xx; A[j, 2] =1;
Alj, 31 =y; Alj, 41 =0; Goto[3]], {x, 0, (p-1)/2}, {y, O, (p-1)/2}];

Label [37];
m= (A[j, 1172 +A[j, 21"2+A[j, 31"2+A[j, 41"2) /p;

Label [47];

If[m==1, Goto[6]];
I f [OddQ[m], Goto[5]];
Ev={}, &={}
Do[l f [EvenQ[Alj, i11,
Ev = Append [Ev, A[j, i]], O = Append[Cd, A[j, 1111, (i, 1, 4}71;

I f [O [Length[Ev] =4, Length[Ev] == 0], Bl = (A[j, 11 +A[j, 21)/2;
B2 = (A[j, 11 -Alj, 2]) /2, B3 = (A[j, 3] +Al[j, 41) /2; B4 = (A[j, 3] -A[j, 4]) /2,
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B1
B3

(EvI[111 +Ev([[2]]) /2; B2 = (EV[[1]] -EV[[2]]) /2
(Cd[[111 +Qd[[2]]) /2; B4 = (Cd[[1]] -Cd[[2]]) /2];

m=m/2; A[j, 1] =B1; A[j, 2] =B2; A[j, 3] =B3; A[j, 4] = B4;
Goto[4];

Label [57];

Dof[a[j, i] =Md[A[j, i], m -(m-1) /2], {i, 1, 4}1;
n=aflj, 11"2+af[j, 21"2+af[j, 31"2+af[j, 41"2;

k=n/m

cl

(afj, 11 AL, 11 +afj, 2] A[j, 2] +alj, 31 A[j, 3] +a[j, 41 A[j, 4]) /m

c2 = (a[Jl 1] A[Jl 2] _a[j1 2] A[Ji 1] +a[jv 4] A[Jv 3] —a[j, 3] A[Jl 4]) /m
c4 = (a[j, 11A[j, 4] -alj, 41 A[j, 11 +alj, 31 Alj, 21 -alj, 21 A[j, 3]) /m

Alj, 11 =cl; A[j, 2] =c2; Alj, 31 =c3; A[j, 4] =c4;, m=Kk;
Goto[4];

Label [67];

)1, 4. 1, nD}];

Dol
cl=1;,¢c2=0;, c3=0; c4=0;

Do [

dl = (cl+A[j, 1] +c2%A[j, 2] +c3 xA[j, 3] +cd4=A[], 4]);
d2 = (c1%A[j, 2] -c2%A[j, 1] +c4xA[j, 31 -c3xA[j, 41);
d3 = (cl%xA[j, 3] -c3*xA[j, 1] +c2%A[j, 4] -cd=A[j, 2]);

d4 = (clxA[j, 4] -c4+A[j, 11 +c3 % A[j, 2] -c2 «A[j, 31);

cl =dl; c2=d2; c3 =d3; c4 =d4,

{r, 1, nO[[j, 2]11}1;

Alj, 1] =c1; A[j, 2] =c2; A[j, 3] =c3; A[j, 4] =c4,
i, 1, nD}I;

cl=1¢c2=0; c3=0; c4=0;

Dol

dl = (c1*A[j, 1] +c2%xA[j, 2] +c3 xA[j, 31 +cdxA[j, 4]1);
d2 = (cL%A[j, 2] -c2+A[j, 1] +c4=A[j, 3] -c3 % A[j, 4]):
d3 = (cl*A[j, 3] -c3%A[j, 1] +C2%A[j, 4] -c4+A[j, 21):
d4 = (CL*A[j, 4] -c4=A[j, 1] +c3%A[j, 2] -c2«A[j, 31):
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cl=dl; c2=d2; ¢c3 =d3; c4 =d4,

(i, 1, nD}J;

M= 1;

Do[M=M+«nO[[j, 1117nO[[j, 211, {j., 1, nD}];

Print ["N=", M "=", nO, "~{", c1, ",", c2, ",", ¢3, ",", c4, "}"]; Goto[l0];

Label [100]);

"N="720"="{{2, 4}, {3, 2}, {5, 1}}"~{"0O","12","24", "0"}"

"N="2"="{{2, 1}}"~{"21","1","0","0"}"

"N="1693185147"="{{3, 3}, {7919, 2}}"~{"23757","-23757","-23757","0"}"
"N="128"="{{2, 7}}"~{"8","8","0","0"}"

(» Check x)

1272 + 2472

720

2375772 +23757"2 +23757"2
1693185147

8712 +872

128

(» #6. Changed program so we just need to enter a nonnegative
integer (i.e. just enter the integer, not its UPF). CQutput
shown here is for input 123456789. Enter O to stop program =)

(Label [10]; C ear [n0O, A, al; nO = Factorlnteger [l nput [N1]; If[n0 = {{0O, 1}}, Goto[100]7];
1f[n0 == {}, Print ["N=", 2, "~{", 1, ",", 0, ",",0,",", 0, "}"]; Goto[10]7;
nD = Lengt h[nO0];
Do[lf [O [Not [PrimeQ[nO[[j, 11111, nO[[j, 211 <1, Not [IntegerQInO[[j, 211111,
Print ["bad input"]; Goto[101], {j, 1, nD}];

(p=n0[[, 111;

Label [17;

Do[lf [Mod[x"2+y"2+1, p] ==0, A[j, 1] =X; A[j, 2] =1;
Label [3];

m= (A[j, 112 +A[], 2]1"2+A[j, 3172 +A[j, 41"2) /p;

Label [47];

If[m=1, Goto[6]];
I f [OddQ[m], Goto[5]];
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Ev={}, &={};
Dol f [EvenQ[Alj, i11,
Ev = Append[Ev, A[j, i1], Od = Append[Cd, A[j, i11]1, {i, 1, 4}1;

I f [O [Length[EVv] =4, Length[Ev] == 0], Bl = (A[j, 11 +A[j, 21)/2;

B2 = (A[j, 11-Alj, 2]) /2; B3 = (A[j, 31 +A[j, 4]1) /2; BA = (A[j, 3] -A[j, 4]) /2,
Bl = (Ev[[1]] +EV[[2]])/2; B2 = (Bv[[1]]-EV[[2]])/2;
B3 = (Q[[1]]+Qd[[2]1]) /2; B4 = (Qd[[1]]-Cd[[2]]) /2];

m=m/2; A[j, 1] = B1,; A[j, 2] = Bz; A[j, 3] = B3; A[j, 4] = B4;
Goto[4];

Label [5];

D)[a[], I] =’Vbd[A[j, I]l m _(m_l)/2]1 {l, 1! 4}]:
n=alj, 11"2+af[j, 21"2+al[j, 31"2+al[j, 41"2;

k=n/m

cl=(afl, 11A[, 11 +alj, 21 A[j, 2] +a[j, 31 A[j, 31 +alj, 41 A[j, 41) /m
c2=(af[j, 11A[j, 2] -alj, 21 A[j, 11 +alj, 41 Ali, 31 -alj, 31 A[j, 4]) /m
€3 = (a[Jr 1] A[Jr 3]_a[17 3] A[Ji l]"'a[Jv 2] A[Jv 4]_a“1 4] A[Jr 2])/m
c4 = (a[Jl 1] A[Jl 4]_a[11 4] A[Ji 1]+a[Jv 3] A[Jv 2]—a[], 2] A[Jl 3])/m

Alj, 1] =cl; A[j, 2] =c2; A[j, 31 =¢3; A[j, 4] =c4;, m=k;
Goto[4];

Label [6];

)1, {i, 1, nD}];

Do
cl=1;,¢c2=0;, c3=0; c4=0;

Dol

dl = (cl%A[j, 1] +c2%A[j, 2] +c3 xA[j, 3] +cdxA[j, 4]);
d2 = (c1l*xA[j, 2] -c2%A[j, 1] +cd4 =A[j, 3] -c3xA[j, 4]);
d3 = (clxA[j, 3] -c3*xA[j, 1] +c2xA[j, 4] -cd4=A[], 2]);

d4 = (cl+A[j, 4] -c4xA[j, 11+c3*xA[j, 21 -c2*A[j, 31);

cl =dl; c2 =d2; c3 =d3; c4 =d4,

{r, 1, nO[[j, 211}1;

Alj, 11 =cl; A[j, 2] =c2; A[j, 3] =c3; A[j, 4] =c4,
(i, 1, n}I;

cl=1;,¢c2=0;, c3=0; c4=0;
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Dol

dl = (c1%A[j, 1] +c2%xA[j, 2] +c3 xA[j, 31 +cdxA[j, 4]1);

d2 = (c1*xA[j, 2] -c2*A[j, 1] +cdxA[j, 3] -c3*xA[j, 4]1);

d3 = (c1lxA[j, 3] -c3%xA[], 1] +c2*A[j, 4] -cd+A[], 2]);

d4 = (c1l%xA[j, 4] -c4=A[j, 1] +c3 *xA[j, 2] -c2*A[j, 31);

cl =d1, c2 =d2, c3 =d3, C4=d4,

{i, 1, n0}];

M:l;

Do[M=M#nO[[j, 111"nO[[j, 211, {j, 1, nD}];

Print["N=", M "~{", c1, ",", ¢c2, ",", ¢c3, ",", c4, "}"]; Goto[107;

Label [100]);
"N="123456789" ~{"2223", "6324"," -8550", " -2328" }"
(» Check )

222372 + 632472 + 855072 + 232872
123456789

(» #7. Qutputted a few prinmes. Enter O to stop program =)

Clear [A p, a, cl, c2, c3, c4, Bl, B2, B3, B4]; (Label [0];

QG ear [A]; Cear [p]; p=Input[p];

If[p==0, Goto[7]];

| f [And[PrineQ[p], Mod[p, 4] == 1], Goto[l], Print["bad input"]; Goto[0]];

Label [17;
Do[lf [Mod[x"2+1, p] ==0, A[1] =x; A[2] =1; Goto[3]1]1, {X, O, (p-1)3}1;

Label [3];

m= (A[1]"2 +A[2]1"2) /p;

Label [4];

If[m==1, Goto[6]];
| f [ddQ[m], Goto[5]];

Bl = (A[1] +A[2]) /2; B2 = (A[1] - A[2]) / 2;

m=m/2; A[1l] = Bl; A[2]
CGoto[4];

B2;

Label [5];
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Do[a[i] = Mod[A[i ], m -(m-1) /2], {i, 1, 2}1;
n=af[lj®"2+a[21"2;

k=n/m

cl
c2

(a[l] A[1] +a[2] A[2]) /m
(a[l] A[2] -a[2] A[1]) /m

A[1l] =cl; A[2] =c¢2; m=Kk;
CGoto[4];

Label [6];

Prlnt [”p=”1 pv "'"'{”1 A[l]v "!"! A[Z]! ”}”];
Goto[0];
Label [7];

"p="5"~{"2","1"}"
"p="17"~ "4, "1y
"p="41"~{"5","4"}"
"p="197"~{"14","1"}"
"p="6997" ~{"74","39" }"

(» Check )

14722 + 172
197

74"2 + 3972
6997



